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LAYOUT CONSTRAINT MANIPULATION VIA
USER GESTURE RECOGNITION

BACKGROUND

Computer-implemented diagramming systems exist that
enable users to author and edit graphical diagrams. To facili-
tate the authoring of complex diagrams, such as complex
network diagrams or graphs, certain diagramming systems
include a feature termed automatic layout. In accordance with
this feature, the diagramming system automatically generates
a diagram based on data that specifies the elements to be
included in the diagram and any relationships there between,
as well as on a set of rules or algorithms that govern certain
layout considerations such as the size and placement of dia-
gram elements.

Some diagramming systems that support automatic layout
also support user-defined layout constraints. A layout con-
straint specifies a persistent layout relationship between cer-
tain elements in a diagram. Layout constraints provide a
means by which a user can tailor or fine tune a diagram
without having to explicitly position diagram elements.
When a user defines a layout constraint with respect to dia-
gram elements, the diagramming system sets up a persistent
layout relationship between the diagram elements that is
maintained in subsequent interactions. The layout constraint
is maintained until such time as the user explicitly removes it.
Examples of layout constraints include but are not limited to
constraints that control the alignment of diagram elements,
the distribution of diagram elements, and the separation
between diagram elements.

User interfaces associated with certain conventional dia-
gramming systems that support user-defined layout con-
straints are limited in that, to apply a layout constraint, the
user must first select the elements that are to be involved in the
constraint, and then must separately choose which type of
constraint to apply.

SUMMARY

Systems and methods are described herein for enabling a
user of a diagramming system to select elements of a diagram
and apply a layout constraint thereto. In accordance with
certain embodiments described herein, the systems and meth-
ods provide the user with a means to perform these tasks in a
manner that is faster, easier and more intuitive than interfaces
provided by conventional diagramming systems. For
example, in accordance with at least one embodiment to be
described herein, a single user gesture is obtained and the
steps of selecting elements of a diagram to which a layout
constraint is to be applied and selecting the layout constraint
are both performed based on the single user gesture.

This Summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed sub-
ject matter, nor is it intended to be used to limit the scope of
the claimed subject matter. Moreover, it is noted that the
invention is not limited to the specific embodiments described
in the Detailed Description and/or other sections of this docu-
ment. Such embodiments are presented herein for illustrative
purposes only. Additional embodiments will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate embodi-
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ments of the present invention and, together with the descrip-
tion, further serve to explain the principles of the invention
and to enable a person skilled in the relevant art(s) to make
and use the invention.

FIG. 1 is a block diagram of an example diagramming
system that facilitates the manipulation of user-defined layout
constraints via user gesture recognition.

FIG. 2 is a block diagram that shows components of a
diagramming module in accordance with one example
embodiment.

FIG. 3 is a flowchart that depicts a method for manipulating
user-defined layout constraints via user gesture recognition in
accordance with an example embodiment.

FIG. 4 is a flowchart that depicts one method for identify-
ing a user gesture based on input received via one or more user
input devices.

FIG. 5 depicts a portion of an exemplary diagram rendered
to a display device.

FIG. 6 depicts a portion of the exemplary diagram of FIG.
5 to which a path defined by a user gesture has been mapped,
wherein the path intersects elements of the diagram.

FIG. 7 depicts a portion of the exemplary diagram of FIGS.
5 and 6 after a horizontal alignment constraint has been
applied to the intersected elements.

FIG. 8 is a flowchart that depicts a method for selecting a
layout constraint to be applied to elements of a diagram based
on the manner in which a path defined by a user gesture
intersects one or more elements of the diagram.

FIG. 9 depicts a portion of an exemplary diagram rendered
to a display device to which a path defined by a user gesture
has been mapped, wherein the manner in which the path
intersects elements of the diagram indicates a diagonal align-
ment constraint is to be applied to the intersected elements.

FIG. 10 depicts a portion of the exemplary diagram of FIG.
9 after a diagonal alignment constraint has been applied to the
intersected elements.

FIG. 11 depicts a portion of an exemplary diagram ren-
dered to a display device to which a path defined by a user
gesture has been mapped, wherein the manner in which the
path intersects elements of the diagram indicates a horizontal
alignment constraint is to be applied to the intersected ele-
ments.

FIG. 12 depicts a portion of the exemplary diagram of FIG.
11 after a horizontal alignment constraint has been applied to
the intersected elements.

FIG. 13 depicts a portion of an exemplary diagram ren-
dered to a display device to which a path defined by a user
gesture has been mapped, wherein the manner in which the
path intersects elements of the diagram indicates a vertical
alignment constraint is to be applied to the intersected ele-
ments.

FIG. 14 depicts a portion of the exemplary diagram of FIG.
13 after a vertical alignment constraint has been applied to the
intersected elements.

FIG. 15 depicts a portion of an exemplary diagram ren-
dered to a display device to which a path defined by a user
gesture has been mapped, wherein the manner in which the
path intersects elements of the diagram indicates a circular
alignment constraint is to be applied to the intersected ele-
ments.

FIG. 16 depicts a portion of the exemplary diagram of FIG.
15 after a circular alignment constraint has been applied to the
intersected elements.

FIG. 17 depicts a portion of an exemplary diagram ren-
dered to a display device to which a path defined by a user
gesture has been mapped, wherein the path forms a shape that
encloses various elements of the diagram.
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FIG. 18 depicts a portion of the exemplary diagram of FIG.
17 after a grouping constraint has been applied to the enclosed
elements.

FIG. 19 depicts a portion of an exemplary diagram ren-
dered to a display device to which a path defined by a user
gesture has been mapped, wherein the manner in which the
path intersects elements of the diagram indicates a horizontal
alignment constraint is to be applied to the intersected ele-
ments

FIG. 20 depicts a portion of the exemplary diagram of FIG.
19 after a horizontal alignment constraint has been applied to
the intersected elements, the horizontal alignment constraint
being implemented by aligning ports of the intersected ele-
ments.

FIG. 21 is a flowchart that depicts a method for using user
gestures to associate a layout constraint involving a first set of
diagram elements with a second set of diagram elements.

FIG. 22 depicts an example computer system that may be
used to implement various aspects of the embodiments.

The features and advantages of the present invention will
become more apparent from the detailed description set forth
below when taken in conjunction with the drawings, in which
like reference characters identify corresponding elements
throughout. In the drawings, like reference numbers gener-
ally indicate identical, functionally similar, and/or structur-
ally similar elements. The drawing in which an element first
appears is indicated by the leftmost digit(s) in the correspond-
ing reference number.

DETAILED DESCRIPTION

1. Introduction

The following detailed description refers to the accompa-
nying drawings that illustrate exemplary embodiments of the
present invention. However, the scope of the present inven-
tion is not limited to these embodiments, but is instead
defined by the appended claims. Thus, embodiments beyond
those shown in the accompanying drawings, such as modified
versions of the illustrated embodiments, may nevertheless be
encompassed by the present invention.

References in the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” or the like, indi-
cate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Furthermore, when a par-
ticular feature, structure, or characteristic is described in con-
nection with an embodiment, it is submitted that it is within
the knowledge of one skilled in the relevant art(s) to imple-
ment such feature, structure, or characteristic in connection
with other embodiments whether or not explicitly described.
II. Example Systems and Methods for Manipulating Layout
Constraints via User Gesture Recognition

FIG. 1 is a block diagram of an example diagramming
system 100 that facilitates the manipulation of user-defined
layout constraints via user gesture recognition. As shown in
FIG. 1, diagramming system 100 includes a processor-based
computing platform 102, a display device 104 that is con-
nected to computing platform 102, and one or more user input
devices 106 that are also connected to computing platform
102. Diagramming system 100 is intended to broadly repre-
sent any processor-based system upon which software may be
executed for the benefit of a user. For example and without
limitation, diagramming system 100 may comprise a desktop
computing system, a laptop computer, a tablet computer, a
video gaming system, a personal digital assistant (PDA), a
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smart phone, or a portable media player. A specific example
of a processor-based computer system that may be used to
implement diagramming system 100 will be described sub-
sequently herein in reference to FIG. 22.

As further shown in FIG. 1, computing platform 102
includes at least a processing unit 112, a memory 114, a
display device interface 116 and one or more user input
device interfaces 118. These components are interconnected
via a communication infrastructure 120, which may comprise
for example one or more bus structures.

Processing unit 112 comprises one or more processors or
processor cores that are configured to execute software mod-
ules and to access data stored in memory 114. The software
modules stored in memory 114 include at least a diagram-
ming module 122 and a user gesture processing module 124.
The data stored in memory 114 includes at least a predefined
gestures library 126. Memory 114 is intended to broadly
represent any type of volatile memory, non-volatile memory,
or combination thereof, and may be implemented across one
or more storage devices or systems.

Display device interface 116 comprises an interface that
renders video or graphics information received from process-
ing unit 112 or memory 114 for display on display device 104.
Display device interface 116 may comprise, for example, a
video or graphics card that is configured to perform video or
graphics rendering operations. Depending upon the imple-
mentation of diagramming system 100, display device 104
may comprise a monitor, a projector, or other type of display
device that is physically separate from computing platform
102 and connected thereto via a suitable wired and/or wire-
less connection, or a display device that is integrated within
the same physical structure as computing platform 102, such
as an integrated display in a laptop computer, tablet computer,
PDA or portable media player.

User input device interface(s) 118 comprise one or more
interfaces for receiving user input information generated by
user input device(s) 106 and for passing such input informa-
tion to processing unit 112 for processing thereof. Depending
upon the implementation, user input device(s) 106 may
include a mouse, a keyboard, a touch pad, a trackball, a
joystick, a pointing stick, a touch screen (e.g., a touch screen
integrated with display device 104), a wired glove, a motion
tracking sensor, a game controller or gamepad, or a video
capture device such as a camera. However, these examples are
not intended to be limiting and user input device(s) 106 may
include other types of devices other than those listed herein.
Depending upon the implementation, each user input device
106 may be physically separate from computing platform 102
and connected thereto via a suitable wired and/or wireless
connection, or may be integrated within the same physical
structure as computing platform 102, such as an integrated
keyboard, touchpad, or touch screen on a laptop computer,
tablet computer, PDA or portable media player.

Diagramming module 122 is a software module that, when
executed by processing unit 112, enables a user of diagram-
ming system 100 to author and edit graphical diagrams. Dur-
ing execution of diagramming module 122, diagram author-
ing and editing functions may be invoked by the user via
manipulation of one or more of user input device(s) 106.
The user input information generated through such manipu-
lation is passed to processing unit 112 via user input device
interface(s) 118. Processing unit 112 processes such user
input information so that it can be properly interpreted by
executing diagramming module 122. Furthermore, during
execution of diagramming module 122, diagrams authored or
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edited by a user are rendered to display device 104 via display
device interface 116 for viewing and/or manipulation by the
user.

When executed by processingunit 112, diagramming mod-
ule 122 also enables a user to invoke the automatic layout of
diagrams and to apply user-defined layout constraints to ele-
ments of such diagrams. When automatic layout of diagrams
is utilized, a diagram, such as a network diagram or graph, is
automatically generated based on data that specifies elements
to be included in the diagram and relationships there between,
as well as on a set of rules or algorithms that govern certain
layout considerations such as the size and placement of dia-
gram elements. The generated diagram, or at least a portion
thereof, is rendered to display device 104 via display device
interface 116 for viewing and/or manipulation. The genera-
tion of a diagram using automatic layout may encompass both
the generation of a new diagram and the updating or modifi-
cation of an existing diagram.

Layout constraints specify a persistent layout relationship
between certain elements in a diagram. Layout constraints
provide a means by which a user can tailor or fine tune a
diagram without having to explicitly position diagram ele-
ments. When a user defines a layout constraint with respect to
diagram elements, a persistent layout relationship is created
between the diagram elements that is maintained in subse-
quent interactions. The layout constraint is maintained until
such time as the user explicitly removes the constraint.
Examples of layout constraints include but are not limited to
constraints that control the alignment of diagram elements,
the distribution of diagram elements, and the separation
between diagram elements.

Various methods for performing automatic layout and
implementing layout constraints in a diagramming system are
described in the literature and thus need not be described
herein. For example, certain techniques for implementing
these features are described in the references T. Dwyer, et al.,
“Dunnart: A Constraint-based Network Diagram Authoring
Tool,” Proc. 16” Intl. Symp. Graph Drawing (GD’08), vol-
ume 5417 of Lecture Notes in Computer Science, pages 420-
431 (Springer, 2009) and T. Dwyer, “Scalable, Versatile and
Simple Constrained Graph Layout,” Proc. Eurographics/
IEEE-VGTC Symp. on Visualization (Eurovis 2009). Each of
these references is incorporated by reference herein.

As will be described in more detail herein, diagramming
module 122 is configured to enable processing unit 112 to
obtain a single user gesture and to process the user gesture to
select one or more elements of a diagram to which a layout
constraint is to be applied and also to select the layout con-
straint to be applied to the selected elements. Thus, diagram-
ming module 122 advantageously provides the user with a
means to perform these tasks in a manner that is faster, easier
and more intuitive than interfaces provided by conventional
diagramming systems.

To facilitate obtaining a user gesture, processing unit 112
executes user gesture processing module 124. User gesture
processing module 124 is configured to enable processing
unit 112 to capture a user gesture based on user input infor-
mation received from user input device(s) 106 via user input
device interface(s) 118. The user gesture may be a single
touch user gesture or a multi-touch user gesture. User gesture
processing module 124 is further configured to determine
whether or not the user gesture so captured matches any
predefined user gestures stored in predefined user gestures
library 126 and to pass recognized user gestures to an execut-
ing version of diagramming module 122.

FIG.21is ablock diagram that depicts diagramming module
122 in more detail in accordance with one example embodi-
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6

ment. As shown in FIG. 2, diagramming module 122 includes
a plurality of modules including a diagram element selection
module 202, a user gesture to constraint mapping module
204, a layout constraint application module 206 and a dia-
gram rendering module 208. Diagram element selection
module 202 comprises logic that, when executed by process-
ing unit 112, selects one or more elements of a diagram based
on a user gesture obtained via execution of user gesture pro-
cessing module 124. User gesture to constraint mapping mod-
ule 204 comprises logic that, when executed by processing
unit 112, selects a layout constraint based on a user gesture
obtained via execution of user gesture processing module
124. Layout constraint application module 206 comprises
logic that, when executed by processing unit 112, applies a
layout constraint selected by user gesture to constraint map-
ping module 204 to one or more elements selected by diagram
element selection module 202. Diagram rendering module
208 comprises logic that, when executed by processing unit
112, renders a diagram or portion thereof to display device
104 via display device interface 116.

In one implementation, diagramming module 122, user
gesture processing module 124 and predefined user gestures
library 126 all comprise components of the same software
application. For example, diagramming module 122, user
gesture processing module 124 and predefined user gestures
library 126 may all comprise components of a diagramming
application or an application that includes built-in diagram-
ming capabilities. In an alternate implementation, diagram-
ming module 122 and user gesture processing module 124
comprise separate applications. In a further alternate imple-
mentation, diagramming module 122 comprises all or a por-
tion of a diagramming application and user gesture process-
ing module 124 and predefined user gestures library 126
comprise components of an operating system upon which
diagramming module 122 is executed. Still other implemen-
tations are possible.

Inan alternate implementation not shown in FIG. 1 or 2, the
functionality of diagramming system 100 is implemented in a
client-server environment. In accordance with such an imple-
mentation, various functions performed by diagramming sys-
tem 100 are distributed between a client computer and a
server computer, wherein the client computer and server com-
puter are communicatively connected via one or more net-
works. For example, in accordance with one such implemen-
tation, a client computer may be used to receive user input,
obtain user gestures therefrom, and to display diagrams for
viewing and/or manipulation by a user, while a server com-
puter may be used to perform the remaining diagramming-
related functions of system 100. Other approaches to distrib-
uting functionality between a client computer and a server
computer may be utilized.

FIG. 3 depicts a flowchart 300 of a method for manipulat-
ing user-defined layout constraints via user gesture recogni-
tion in accordance with an example embodiment. Although
the method of flowchart 300 will be described herein in ref-
erence to various elements of diagramming system 100 as
described above in reference to FIGS. 1 and 2, persons skilled
in the relevant art(s) will readily appreciate that the method is
not limited to that implementation and may be implemented
by other systems or elements.

As shown in FIG. 3, the method of flowchart 300 begins at
step 302 in which diagram rendering module 208 is executed
by processing unit 112 to render at least a portion of'a diagram
to display device 104. The diagram comprises a plurality of
elements. For example, in an embodiment in which the dia-
gram comprises a network diagram or graph, the elements
may comprise nodes in the network diagram or graph. As
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another example, the elements may also comprise edges that
connect such nodes. Still other types of elements may be
included within a diagram.

At step 304, user gesture processing module 124 is
executed by processing unit 112 to identify a user gesture
based on input received via at least one of user input device(s)
106. At least one manner of performing this step will be
described in more detail below.

At step 306, diagram element selection module 202 is
executed by processing unit 112 to select one or more of the
elements of the diagram based on the user gesture identified
during step 304.

Atstep 308, user gesture to constraint mapping module 204
is executed by processing unit 112 to select a layout constraint
from among a plurality of layout constraints made available
by diagramming module 122 based on the user gesture iden-
tified during step 304.

At step 310, layout constraint application module 206 is
executed by processing unit 112 to apply the layout constraint
selected during step 308 to the element(s) selected during step
306.

At step 312, diagram rendering module 208 is executed by
processing unit 112 to render at least a portion of the diagram
to display device 104 after application of the selected layout
constraint to the selected element(s). During this step, if the
application of the selected layout constraint to the selected
element(s) has caused a change in the layout of the diagram,
that change may be made apparent to the user when the
diagram, or portion thereof, is viewed by the user on display
device 104.

FIG. 4 is a flowchart 400 that depicts one method for
identifying a user gesture based on input received via one or
more user input devices. The method of flowchart 400 may be
used, for example, to implement step 304 of flowchart 300
which was described above in reference to FIG. 3. Although
the method of flowchart 400 will be described herein in ref-
erence to various elements of diagramming system 100 as
described above in reference to FIGS. 1 and 2, persons skilled
in the relevant art(s) will readily appreciate that the method is
not limited to that implementation and may be implemented
by other systems or elements.

As shown in FIG. 4, the method of flowchart 400 begins at
step 402, in which user gesture processing module 124 is
executed by processing unit 112 to capture a user gesture
based on input received via at least one of user input device(s)
106. As will be appreciated by persons skilled in the art, the
manner in which a user gesture is captured will depend at least
in part on the type of user input device(s) used to perform the
gesture. For example, in one embodiment in which a mouse is
used to perform the gesture, user gesture processing module
124 may cause processing unit 112 to initiate capture of a user
gesture when a user depresses a particular button on the
mouse. While the button is depressed, the movement of the
mouse across a mouse pad or other surface is tracked to
determine a path or shape associated with the user gesture.
When the button is released, capture of the user gesture is
completed.

In an embodiment in which a touch screen is used to cap-
ture the user gesture, the user gesture may be captured by
tracking the touch of a finger or stylus against the touch screen
during a designated capture period. A similar approach may
be used for a touch pad. In alternate embodiments that utilize
motion tracking sensors and/or video capture devices such as
cameras, the motions of a user in space may be tracked and
interpreted to capture gestures. Still other techniques may be
used premised on the use of any of the aforementioned types
of user input devices or based on various other types of user
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input devices. In certain implementations, more than one user
input device may used to capture the user gesture.

At step 404, the user gesture captured during step 402 is
compared to the predefined user gestures stored in predefined
user gestures library 126. At decision step 406, if a matching
predefined user gesture is found, then the user gesture cap-
tured during step 402 is deemed recognized and the matching
predefined user gesture is passed to diagramming module 122
as shown at step 408. However, if no matching predefined
user gesture is found, then the user gesture is captured during
step 402 is deemed unrecognized and control flows back to
step 402 to capture another user gesture.

The foregoing describes only one example of a method for
identifying a user gesture based on input received via one or
more user input devices. Persons skilled in the relevant art(s)
will readily appreciate that any of a wide variety user gesture
recognition systems and algorithms may be used to perform
this function. For example, in accordance with one embodi-
ment, a low-complexity user gesture recognizer may be used
such as that described in J. Wobbrock et al., “Gestures without
Libraries, Toolkits or Training: A $1 Recognizer for User
Interface Prototypes,” ACM Symposium on User Interface
Software and Technology (UIST) *07, Oct. 7-10, 2007, New-
port, Rhode Island (2007). Still other types of user gesture
recognizers may be used.

In one embodiment, the step of selecting one or more
elements of the diagram based on the identified user gesture
as described above in reference to step 306 of flowchart 300
comprises selecting elements of the diagram that are inter-
sected by a path defined by the user gesture. This will now be
illustrated with respect to FIGS. 5-7, each of which depicts a
portion of an exemplary diagram that has been rendered to
display device 104 via the execution of diagram rendering
module 208. As shown in FIG. 5, the portion of the diagram
includes a plurality of nodes 502,504, 506, 508, 510 and 512
and a plurality ofedges 512,514,516,518,520 and 522. Edge
512 connects node 502 to node 504, edge 514 connects node
504 to node 506, edge 516 connects node 506 to node 508,
and edge 518 connects node 506 to node 510. Edges 520 and
522 connect node 512 to other nodes that are not shown
within the display area of display device 104. In the portion of
the diagram shown in FIG. 5, each node is intended to repre-
sent a table in a relational database and each edge is intended
to represent a relationship between two tables, such as for
example a shared field or column. However, this is only one
example. Persons skilled in the relevant art(s) will appreciate
that each node may represent a wide variety of entity types
and that each edge may represent a wide variety of relation-
ship types depending upon the application. As shown in FIG.
5, a particular layout of nodes and edges has been generated
via execution of diagram rendering module 208. This layout
may have been automatically generated in accordance with
one or more automatic layout rules and one or more user-
defined layout constraints.

FIG. 6 depicts the portion of the exemplary diagram ren-
dered to display device 104 after a user gesture has been
captured and recognized via execution of user gesture pro-
cessing module 124. After recognition of the user gesture,
diagramming module 122 is executed to map a path associ-
ated with the user gesture to the portion of the diagram dis-
played by display device 104. This path is depicted as path
602 in FIG. 6. In one embodiment, diagram rendering module
208 is executed to render a line along path 602, thereby
providing a user with a visual indication of the path of the user
gesture and how it aligns with the displayed portion of the
diagram.
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As shown in FIG. 6, path 602 intersects nodes 502, 504,
506, 510 and 512. In accordance with one embodiment, dia-
gram element selection module 202 is configured to select
these nodes as the nodes to which a layout constraint will be
applied by virtue of the fact that these nodes are intersected by
path 602.

In addition to performing node selection based on path 602
defined by a user gesture, an embodiment also determines
which of a plurality of layout constraints to apply to the
selected nodes based on the same user gesture as described
above in reference to step 308 of flowchart 300. For example,
in one embodiment, user gesture to constraint mapping mod-
ule 204 is configured to select a vertical alignment constraint
if the path defined by the user gesture corresponds to a vertical
line and to select a horizontal alignment constraint if the path
defined by the user gesture corresponds to a horizontal line.

This is illustrated in part by FIG. 7, which shows a portion
of'the diagram depicted in FIGS. 5 and 6 after the diagram has
been updated via execution of layout constraint application
module 206 and rendered again to display device 104 via
execution of diagram rendering module 208. As shown in
FIG. 7, path 602 of the user gesture has been interpreted as a
horizontal line and thus a horizontal alignment constraint has
been applied to selected nodes 502, 504,506,510 and 512. In
accordance with this example, the horizontal alignment con-
straint has caused a horizontal axis of each of the selected
nodes to be aligned with a horizontal guideline 702. Depend-
ing upon the implementation or the configuration of diagram-
ming system 100, guideline 702 may or may not be made
visible to the user.

Various methods may be used to determine if the path
associated with a user gesture is interpreted as a horizontal
line or a vertical line. For example, in one embodiment, a
bounding box is defined around the path of the user gesture,
wherein the left and right sides of the bounding box are placed
atthe left-most and right-most points of the path, respectively,
and the top and bottom sides of the bounding box are placed
at the top-most and bottom-most points of the path, respec-
tively. If the width of the bounding box exceeds the height of
the bounding box, then the user gesture is determined to be a
horizontal line. If the height of the bounding box exceeds the
width of the bounding box, then the user gesture is deter-
mined to be a vertical line. However, this is only one tech-
nique and persons skilled in the relevant art(s) will readily
appreciate that numerous other techniques may be used to
determine if the path associated with a user gesture is to be
interpreted as a horizontal line or a vertical line.

In an embodiment in which elements of a diagram that are
intersected by a path of a user gesture are selected for appli-
cation of a layout constraint, the manner in which the path
intersects one or more of the elements may be used to deter-
mine the type of layout constraint to be applied. This will now
be more fully explained with reference to flowchart 800 of
FIG. 8. Although the method of flowchart 800 will be
described herein in reference to various elements of diagram-
ming system 100 as described above in reference to FIGS. 1
and 2, persons skilled in the relevant art(s) will readily appre-
ciate that the method is not limited to that implementation and
may be implemented by other systems or elements.

As shown in FIG. 8, the method of flowchart 800 begins at
step 802 in which user gesture to constraint mapping module
204 is executed to identify a first element intersected by a path
defined by a user gesture wherein the first element is a shape
that comprises a plurality of sides. For example, the first
element may comprise a square, rectangle or other polygon.
Since a user gesture may be captured over time, the path
defined by the user gesture may be analyzed in a temporal
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manner. Using such a temporal analysis, it may be determined
which element of a diagram was first intersected by the path.

At step 804, user gesture to constraint mapping module 204
is executed to identify a side of the first element that was first
intersected by the path. As noted above, the path defined by
the user gesture may be analyzed in a temporal manner. Using
such a temporal analysis, it may be determined which side of
the first element was first intersected by the path. This side
may be thought of as the “point of entry” of the path into the
first element.

Atstep 806, user gesture to constraint mapping module 204
is executed to identify a last element intersected by the path,
wherein the last element also comprises a shape that com-
prises a plurality of sides. The last element intersected by the
path may be determined by performing a temporal analysis of
the path.

Atstep 808, user gesture to constraint mapping module 204
is executed to identify a side of the last element that was last
intersected by the path. A temporal analysis of the path may
be used to determine which side of the last element was last
intersected by the path. This side may be thought of as the
“point of exit” of the path out of the last element.

Atstep 810, user gesture to constraint mapping module 204
is executed to select a layout constraint based on the sides of
the first element and the last element identified during steps
806 and 808. The layout constraint may comprise, for
example, an alignment constraint. The alignment constraint
may comprise for example a horizontal, vertical or diagonal
alignment constraint although these examples are not
intended to be limiting.

Various examples of how the method of flowchart 800 may
beusedto select a layout constraint will now be provided with
respect to FIGS. 9-14. For example, FIG. 9 depicts a portion
of an exemplary diagram that has been rendered to display
device 104 via the execution of diagram rendering module
208. As shown in FIG. 9, the portion of the diagram includes
a plurality of elements 902, 904, 906 and 908, each of which
comprises a top, bottom, left and right side. As also shown in
FIG. 9, a path 910 associated with a user gesture has been
mapped across and intersects each of the elements. From a
temporal standpoint, path 910 begins at the end that does not
include an arrow and extends over time to the end that does
include an arrow. Thus, path 910 intersects element 902 first
and intersects element 908 last. Furthermore, path 910 inter-
sects the left side of element 902 first and intersects the
bottom side of element 908 last.

In accordance with one embodiment, if the first side of the
first multi-sided element intersected by a path defined by a
user gesture is the left side and the last side of the last multi-
sided element intersected by the path is the bottom side (as is
the case in FIG. 9), then a diagonal alignment constraint will
be applied to the first multi-sided element, the last multi-sided
element and all intervening intersected elements. This is illus-
trated by FIG. 10, which shows the portion of the exemplary
diagram from FIG. 9 after a diagonal alignment constraint has
been applied to elements 902, 904, 906 and 908. In accor-
dance with this example, the diagonal alignment constraint
has caused a diagonal axis of each of nodes 902,904, 906 and
908 to be aligned with a diagonal guideline 1002. Depending
upon the implementation or the configuration of diagram-
ming system 100, guideline 1002 may or may not be made
visible to the user.

FIGS. 11 and 12 provide an example of the use of the
method of flowchart 800 to select a horizontal alignment
constraint. In particular, FIG. 11 depicts a portion of an exem-
plary diagram that has been rendered to display device 104
viathe execution of diagram rendering module 208. As shown
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in FIG. 11, the portion of the diagram includes a plurality of
elements 1102, 1104, 1106, 1108, 1110 and 1112, each of
which comprises a top, bottom, left and right side. As also
shown in FIG. 9, a path 1114 associated with a user gesture
has been mapped across and intersects each of the elements.
From a temporal standpoint, path 1114 begins at the end that
does not include an arrow and extends over time to the end
that does include an arrow. Thus, path 1114 intersects element
1102 first and intersects element 1112 last. Furthermore, path
1114 intersects the left side of element 1102 first and inter-
sects the right side of element 1112 last.

In accordance with one embodiment, if the first side of the
first multi-sided element intersected by a path defined by a
user gesture is the left side and the last side of the last multi-
sided element intersected by the path is the right side (as is the
case in FIG. 11), then a horizontal alignment constraint will
be applied to the first multi-sided element, the last multi-sided
element and all intervening intersected elements. This is illus-
trated by FIG. 12, which shows the portion of the exemplary
diagram from FIG. 11 after a horizontal alignment constraint
has been applied to elements 1102, 1104, 1106, 1108, 1110
and 1112. In accordance with this example, the horizontal
alignment constraint has caused a horizontal axis of each of
nodes 1102, 1104, 1106, 1108, 1110 and 1112 to be aligned
with a horizontal guideline 1202. Depending upon the imple-
mentation or the configuration of diagramming system 100,
guideline 1202 may or may not be made visible to the user.

FIGS. 13 and 14 provide an example of the use of the
method of flowchart 800 to select a vertical alignment con-
straint. In particular, FIG. 13 depicts a portion of an exem-
plary diagram that has been rendered to display device 104
viathe execution of diagram rendering module 208. As shown
in FIG. 13, the portion of the diagram includes a plurality of
elements 1302, 1304, 1306 and 1308, each of which com-
prises a top, bottom, left and right side. As also shown in FIG.
13, a path 1310 associated with a user gesture has been
mapped across and intersects each of the elements. From a
temporal standpoint, path 1310 begins at the end that does not
include an arrow and extends over time to the end that does
include an arrow. Thus, path 1310 intersects element 1302
first and intersects element 1308 last. Furthermore, path 1310
intersects the top side of element 1302 first and intersects the
bottom side of element 1308 last.

In accordance with one embodiment, if the first side of the
first multi-sided element intersected by a path defined by a
user gesture is the top side and the last side of the last multi-
sided element intersected by the path is the bottom side (as is
the case in FIG. 13), then a vertical alignment constraint will
be applied to the first multi-sided element, the last multi-sided
element and all intervening intersected elements. This is illus-
trated by FIG. 14, which shows the portion of the exemplary
diagram from FIG. 13 after a vertical alignment constraint has
been applied to elements 1302, 1304, 1306 and 1308. In
accordance with this example, the vertical alignment con-
straint has caused a vertical axis of each of nodes 1302, 1304,
1306 and 1308 to be aligned with a vertical guideline 1402.
Depending upon the implementation or the configuration of
diagramming system 100, guideline 1402 may or may not be
made visible to the user.

The foregoing are merely some examples of how the
method of flowchart 800 may be used to select a layout
constraint. Various other methods will be apparent to persons
skilled in the relevant art(s) based on the teachings provided
herein.

FIGS. 15 and 16 illustrate a further embodiment in which
the manner in which a path defined by a user gesture intersects
elements of a diagram may be used to determine the type of

30

40

45

50

12

layout constraint to be applied to the intersected elements. In
accordance with such an embodiment, if the path both begins
and ends inside the same element, then a circular alignment
constraint is applied to the intersected elements. By way of
example, FIG. 15 depicts a portion of an exemplary diagram
that has been rendered to display device 104 via the execution
of diagram rendering module 208. As shown in FIG. 15, the
portion of the diagram includes a plurality of polygonal ele-
ments 1502, 1504, 1506, and 1508. As also shown in FIG. 15,
a path 1510 associated with a user gesture has been mapped
across and intersects each of the elements. From a temporal
standpoint, path 1510 begins at the end that does not include
an arrow and extends over time to the end that does include an
arrow. Thus, path 1510 both begins and ends inside element
1502. As a result, a circular alignment constraint will be
applied to all of the intersected elements. This is illustrated by
FIG. 16, which shows the portion of the exemplary diagram
from FIG. 15 after a circular alignment constraint has been
applied to elements 1502, 1504, 1506 and 1508. In accor-
dance with this example, the circular alignment constraint has
caused each of elements 1502, 1504, 1506 and 1508 to be
aligned in accordance with a circular guideline 1602.
Depending upon the implementation or the configuration of
diagramming system 100, guideline 1602 may or may not be
made visible to the user.

In a further embodiment, the step of selecting one or more
elements of the diagram based on the identified user gesture
as described above in reference to step 306 of flowchart 300
comprises selecting elements ofthe diagram that are enclosed
within a shape defined by the user gesture. This will now be
illustrated with respect to FIGS. 17 and 18, each of which
depicts a portion of an exemplary diagram that has been
rendered to display device 104 via the execution of diagram
rendering module 208. As shown in FIG. 17, the portion of the
diagram includes a plurality of elements 1702, 1704, 1706,
1708, 1710 and 1712. As further shown in FIG. 17, a path
1714 associated with a user gesture has been mapped onto the
diagram. Path 1714 creates a shape that encloses or surrounds
each of elements 1706, 1708, 1710 and 1712. In accordance
with one embodiment, diagram element selection module
202 is configured to select nodes 1706, 1708, 1710 and 1712
as the elements to which a layout constraint will be applied by
virtue of the fact that these elements are enclosed by the shape
formed by path 1714.

In addition to performing node selection based on path
1714 defined by a user gesture, an embodiment also deter-
mines which of a plurality of layout constraints to apply to the
selected elements based on the same user gesture as described
above in reference to step 308 of flowchart 300. For example,
in one embodiment, user gesture to constraint mapping mod-
ule 204 is configured to select a grouping constraint if the path
defined by the user gesture forms a shape that surrounds two
or more elements. In accordance with a grouping constraint,
the elements associated with the constraint are kept together
in a group and a boundary associated with such elements is
prevented from overlapping with other elements in a diagram.

This is illustrated by FIG. 18, which shows a portion of the
diagram depicted in FIG. 17 after the diagram has been
updated via execution of layout constraint application mod-
ule 206 and rendered again to display device 104 via execu-
tion of diagram rendering module 208. As shown in FIG. 18,
a grouping constraint has been applied to selected elements
1706, 1708, 1710 and 1712 such that those elements are kept
together within a particular area, the boundary of which is
denoted by boundary guideline 1802. This boundary may be
prevented from overlapping with other elements in the dia-
gram. Depending upon the implementation or the configura-
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tion of diagramming system 100, boundary guideline 1802
may or may not be made visible to the user.

In certain embodiments described above, the application of
an alignment constraint to selected elements in a diagram
results in the selected elements being center aligned with
respect to a constraint guideline. However, in alternate
embodiments, elements in a diagram can be aligned using
other offsets. For example, in an embodiment in which ele-
ments of a diagram include ports and in which relationships
between elements are denoted by edges that connect ports, the
elements can be aligned by their ports so that the edges
connecting the elements are exactly horizontal, vertical,
diagonal, etc.

An example of this will now be illustrated with respect to
FIGS. 19 and 20, each of which depicts a portion of an
exemplary diagram that has been rendered to display device
104 via the execution of diagram rendering module 208. As
shown in FIG. 19, the portion of the diagram includes a
plurality of nodes 1902, 1904, 1906 and 1908 and a plurality
of edges 1912, 1914 and 1916. Edge 1912 connects a port
1922 of node 1902 to a port 1926 of node 1904, edge 1914
connects a port 1924 of node 1904 to a port 1928 of node
1906, and edge 1916 connects a port 1930 of node 1906 to a
port 1932 of node 1908. As also shown in FIG. 19, a path 1940
associated with a user gesture has been mapped across and
intersects each of the elements. As a result, a horizontal align-
ment constraint will be applied to all of the intersected ele-
ments. FIG. 20 shows the portion of the exemplary diagram
from FIG. 19 after a horizontal alignment constraint has been
applied to elements 1902, 1904, 1906 and 1908. In accor-
dance with this example, the horizontal alignment constraint
has caused the ports of elements 1902, 1904, 1906 and 1908
to be aligned in such a manner that the edges connecting the
elements are exactly horizontal.

Although the foregoing describes the use of user gestures
to select elements of'a diagram and to apply layout constraints
to the selected elements, the concepts described above can
also be applied in a similar manner to modify or merge exist-
ing layout constraints associated with elements in a diagram.
For example, a user gesture that selects certain diagram ele-
ments may also be interpreted as a request to modify an
existing layout constraint that involves those elements. As
another example, a user gesture that selects a first set of
diagram elements and a second set of diagram elements can
also be interpreted as a request to associate a layout constraint
that involves the first set of diagram elements with the second
set of diagram elements. This latter scenario will now be
further described with reference to flowchart 2100 of FIG. 21.

As shown in FIG. 21, the method of flowchart 2100 begins
at step 2102 in which rendering module 208 is executed by
processing unit 112 to render at least a portion of a diagram to
display device 104. The diagram comprises a plurality of
elements.

At step 2104, user gesture processing module 124 is
executed by processing unit 112 to identify a user gesture
based on input received via at least one of user input device(s)
106.

At step 2106, diagram element selection module 202 is
executed by processing unit 112 to select one or more first
elements of the diagram and one or more second elements of
the diagram based on the user gesture identified during step
304.

At step 2108, diagramming module 122 is executed by
processing unit 112 to identify a layout constraint associated
with the first selected element(s).
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At step 2110, layout constraint application module 206 is
executed by processing unit 112 to apply the layout constraint
identified during step 2108 to the second selected element(s).

At step 2112, diagram rendering module 208 is executed
by processing unit 112 to render at least a portion of the
diagram to display device 104 after application of the layout
constraint identified during step 2108 to the second selected
element(s). During this step, if the application of the identi-
fied layout constraint to the second selected element(s) has
caused a change in the layout of the diagram, that change may
be made apparent to the user when the diagram, or portion
thereof, is viewed by the user on display device 104.

II. Example Computer System Implementation

FIG. 22 depicts an example computer 2200 that may be
used to implement diagramming system 100 as described
above in reference to FIG. 1. Computer 2200 may represent a
general-purpose computing device in the form of a conven-
tional personal computer, a mobile computer, or a worksta-
tion, for example, or computer 2200 may be a special purpose
computing device. The description of computer 2200 pro-
vided herein is provided for purposes of illustration, and is not
intended to be limiting. Embodiments may be implemented in
further types of computer systems, as would be known to
persons skilled in the relevant art(s).

As shown in FIG. 22, computer 2200 includes a processing
unit 2202, a system memory 2204, and a bus 2206 that
couples various system components including system
memory 2204 to processing unit 2202. Processing unit 2202
may comprise one or more processors or processing cores.
Bus 2206 represents one or more of any of several types of bus
structures, including a memory bus or memory controller, a
peripheral bus, an accelerated graphics port, and a processor
orlocal bus using any of a variety of bus architectures. System
memory 2204 includes read only memory (ROM) 2208 and
random access memory (RAM) 2210. A basic input/output
system 2212 (BIOS) is stored in ROM 2208.

Computer 2200 also has one or more of the following
drives: a hard disk drive 2214 for reading from and writing to
a hard disk, a magnetic disk drive 2216 for reading from or
writing to a removable magnetic disk 2218, and an optical
disk drive 2220 for reading from or writing to a removable
optical disk 2222 such as a CD ROM, DVD ROM, or other
optical media. Hard disk drive 2214, magnetic disk drive
2216, and optical disk drive 2220 are connected to bus 2206
by a hard disk drive interface 2224, a magnetic disk drive
interface 2226, and an optical drive interface 2228, respec-
tively. The drives and their associated computer-readable
media provide nonvolatile storage of computer-readable
instructions, data structures, program modules and other data
for the computer. Although a hard disk, a removable magnetic
disk and a removable optical disk are described, other types of
computer-readable media can be used to store data, such as
flash memory cards, digital video disks, random access
memories (RAMs), read only memories (ROM), and the like.

A number of program modules may be stored on the hard
disk, magnetic disk, optical disk, ROM, or RAM. These pro-
grams include an operating system 2230, one or more appli-
cation programs 2232, other program modules 2234, and
program data 2236. Application programs 2232 or program
modules 2234 may include, for example, any of the software
modules described herein, such as any of the software mod-
ules described in reference to FIGS. 1 and 2, as well as logic
for performing any of the various method steps described
herein, such as logic for performing any of the method steps
of flowcharts 300, 400, 800 or 2100.

A user may enter commands and information into the com-
puter 2200 through input devices such as keyboard 2238 and
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pointing device 2240. Other input devices (not shown) may
include a microphone, joystick, game controller, scanner, or
the like. These and other input devices are often connected to
the processing unit 2202 through a serial port interface 2242
that is coupled to bus 2206, but may be connected by other
interfaces, such as a parallel port, game port, or a universal
serial bus (USB).

A monitor 2244 or other type of display device is also
connected to bus 2206 via an interface, such as a video
adapter 2246. In addition to the monitor, computer 2200 may
include other peripheral output devices (not shown) such as
speakers and printers.

Computer 2200 is connected to a network 2248 (e.g., a
local area network or wide area network such as the Internet)
through a network interface or adapter 2250, a modem 2252,
or other means for establishing communications over the
network. Modem 2252, which may be internal or external, is
connected to bus 2206 via serial port interface 2242.

As used herein, the terms “computer program medium”
and “computer-readable medium” are used to generally refer
to media such as the hard disk associated with hard disk drive
2214, removable magnetic disk 2218, removable optical disk
2222, as well as other media such as flash memory cards,
digital video disks, random access memories (RAMs), read
only memories (ROM), and the like.

As noted above, computer programs and modules (includ-
ing application programs 2232 and other program modules
2234) may be stored on the hard disk, magnetic disk, optical
disk, ROM, or RAM. Such computer programs may also be
received via network interface 2250 or serial port interface
2242. Such computer programs, when executed or loaded by
an application, enable computer 2200 to implement features
of embodiments discussed herein. Accordingly, such com-
puter programs represent controllers of the computer 2200.

Embodiments are also directed to computer program prod-
ucts comprising software stored on any computer useable
medium. Such software, when executed in one or more data
processing devices, causes a data processing device(s) to
operate as described herein. Embodiments may employ any
computer-useable or computer-readable medium, known
now or in the future. Examples of computer-readable medi-
ums include, but are not limited to storage devices such as
RAM, hard drives, floppy disks, CD ROMs, DVD ROMs, zip
disks, tapes, magnetic storage devices, optical storage
devices, MEMS-based storage devices, nanotechnology-
based storage devices, and the like.

II1. Conclusion

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. It will be apparent to per-
sons skilled in the relevant art(s) that various changes in form
and details can be made therein without departing from the
spirit and scope of the invention. Thus, the breadth and scope
of the present invention should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims and
their equivalents.

What is claimed is:
1. A method implemented in a processor-based computing
system, comprising:

rendering at least a portion of a diagram to a display device
coupled to the computing system, the diagram compris-
ing a plurality of elements;

identifying a user gesture based on input received via at
least one user input device coupled to the computing
system,
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selecting, subsequent to said identifying, a subset of ele-
ments from among a plurality of different elements of
the diagram based on the identified user gesture;

selecting, automatically, a layout constraint from among a

plurality of layout constraints based on a path or a shape
of the identified user gesture, each layout constraint
controlling a manner in which elements of a diagram are
arranged when rendered to a display device;

applying the selected layout constraint to the selected sub-

set of elements; and

rendering at least a portion of the diagram to the display

device after application of the selected layout constraint
to the selected subset of elements.

2. The method of claim 1, wherein identifying the user
gesture comprises:

determining if the input corresponds to a user gesture in a

library of predefined user gestures.

3. The method of claim 1, wherein identifying the user
gesture based on input received via the at least one user input
device comprises identifying the user gesture based on input
received via at least one of a mouse, a touch screen, or a video
capture device.

4. The method of claim 1, wherein selecting the subset of
elements from among the plurality of different elements of
the diagram based on the identified user gesture comprises:

selecting elements of the diagram that are intersected by a

path defined by the user gesture.

5. The method of claim 4, wherein selecting the layout
constraint based on the identified user gesture comprises:

selecting a vertical alignment constraint if the path defined

by the user gesture corresponds to a vertical line.

6. The method of claim 4, wherein selecting the layout
constraint based on the identified user gesture comprises:

selecting a horizontal alignment constraint if the path

defined by the user gesture corresponds to a horizontal
line.

7. The method of claim 4, wherein selecting the layout
constraint based on the identified user gesture comprises:

selecting a circular alignment constraint if the path defined

by the user gesture begins and ends inside the same
element.

8. The method of claim 4, wherein selecting the layout
constraint based on the identified user gesture comprises:

identifying a first element intersected by the path, the first

element comprising a plurality of sides;

identifying a side of the first element that was first inter-

sected by the path;

identifying a last element intersected by the path, the last

element comprising a plurality of sides;

identifying a side of the last element that was last inter-

sected by the path;

selecting an alignment constraint based on the identified

sides of the first element and the last element.

9. The method of claim 1, wherein selecting the subset of
elements from among the plurality of different elements of
the diagram based on the identified user gesture comprises
selecting elements of the diagram that are enclosed within a
shape defined by the user gesture; and

wherein selecting the layout constraint based on the iden-

tified user gesture comprises selecting a grouping con-
straint.

10. The method of claim 1, wherein identifying the user
gesture based on input received via at least one user input
device coupled to the computing system comprises identify-
ing a multi-touch user gesture.
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11. The method of claim 1, further comprising:

rendering a line that follows a path defined by the user

gesture to the display device.

12. A system comprising:

a display device;

at least one user input device;

a memory that stores at least a diagramming module and a

user gesture processing module; and

aprocessing unit that executes the diagramming module to

render at least a portion of a diagram to the display
device, the diagram comprising a plurality of elements;
the processing unit further executes the user gesture pro-
cessing module to identify a user gesture based on input
received via the at least one user input device, and

the processing unit further executes the diagramming mod-

ule to select, subsequent to identifying the user gesture,
a subset of elements from among a plurality of different
elements of the diagram based on the identified user
gesture, to automatically select a layout constraint from
among a plurality of layout constraints based on a path or
a shape of the identified user gesture, wherein each
layout constraint controls a manner in which elements of
a diagram are arranged when rendered to a display
device, to apply the selected layout constraint to the
selected subset of elements and to render at least a por-
tion of the diagram to the display device after application
of'the selected layout constraint to the selected subset of
elements.

13. The system of claim 12, wherein the memory further
stores a library of predefined user gestures and wherein the
processing unit executes the user gesture processing module
to determine if the input corresponds to a user gesture in the
library of predefined user gestures.

14. The system of claim 12, wherein the at least one user
input device comprises at least one of a mouse, a touch screen,
or a video capture device.

15. The system of claim 12, wherein the processing unit
executes the diagramming module to select elements of the
diagram that are intersected by a path defined by the user
gesture.
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16. The system of claim 12, wherein the processing unit
executes the diagramming module to select elements of the
diagram that are enclosed within a shape defined by the user
gesture.

17. The system of claim 12, wherein the processing unit
executes the diagramming module to render a line that fol-
lows a path defined by the user gesture to the display device.

18. A computer-readable program storage device having
instructions stored thereon that, when executed by a process-
ing device, perform a method, the method comprising:

rendering at least a portion of a diagram to a display device

coupled to the computing system, the diagram compris-
ing a plurality of elements;

identifying a user gesture based on input received via at

least one user input device coupled to the computing
system,

selecting, subsequent to said identifying, a subset of ele-

ments from among a plurality of different elements of
the diagram based on the identified user gesture;

selecting, automatically, a layout constraint from among a

plurality of layout constraints based on a path or a shape
of the identified user gesture, each layout constraint
controlling a manner in which elements of a diagram are
arranged when rendered to a display device;

applying the selected layout constraint to the selected sub-

set of elements; and

rendering at least a portion of the diagram to the display

device after application of the selected layout constraint
to the selected subset of elements.

19. The computer-readable program storage device of
claim 18, wherein selecting the subset of elements from
among the plurality of different elements of the diagram
based on the identified user gesture comprises selecting ele-
ments of the diagram that are intersected by a path defined by
the user gesture.

20. The computer-readable program storage device of
claim 18, wherein selecting the subset of elements from
among the plurality of different elements of the diagram
based on the identified user gesture comprises selecting ele-
ments of the diagram that are enclosed within a shape defined
by the user gesture.



